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METHOD AND APPARATUS FOR 
MEASURING BUTTERFAT AND PROTEIN 

CONTENT USING MICROWAVE 
ABSORPTION TECHNIQUES 

CONTRACTUAL ORIGIN OF THE INVENTION 

The United States has rights in this invention pursuant to 
Contract No. DE-AC07-94ID13223 between the US. 
Department of Energy and Lockheed Martin Idaho Tech 
nologies Company. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to methods for analyzing 
milk samples. More speci?cally, this invention relates to a 
method and apparatus for calculating the butterfat content in 
?oWing milk. 

2. Present State of the Art 

For a considerable number of years, farmers have 
attempted to estimate the quality of the products they 
produce Whether it be grain, potatoes, milk, or livestock. By 
identifying the best products, they can achieve a higher yield 
from their efforts, and therefore maximiZe their pro?ts and 
minimiZe Waste. To facilitate maximiZation, farmers may 
resort to outside experts Who Will test their products and 
provide advice based on the test results. For example, in the 
milk production industry, a dairymen relies on an inspector 
Who travels to their dairy, takes samples from each coW and 
then returns to a laboratory to test the milk sample for 
butterfat, protein, lactose, casein or other non-fat solids. 
There is a lag time of a feW days betWeen the removal of a 
sample from the dairy and the determination of milk com 
ponent percentages. Abetter alternative is to have an on-line 
analyZer Which is capable of giving accurate milk compo 
nent percentages Within a short period of time. 

Current instrumentation for analyZing milk content does 
not alloW for on-line analysis of milk and, furthermore, 
employ infrared (IR) technology Which has a number of 
draWbacks. In the prior art approaches, IR radiation is 
directed at a milk sample and the associated absorption 
pattern is used to determine the components of the milk. 
These infrared analyZers require frequent calibration to 
retain speci?city in analysis, especially When calculating a 
percentage quantity of more complex proteins, like casein. 
Infrared technology is also commonly employed for evalu 
ation in batch operations, not for in-line analysis. 

While the use of infrared techniques in evaluating the 
butterfat content and other protein contents of milk products 
is Well knoWn, infrared techniques suffer from other short 
comings including the necessity for frequent calibration of 
the infrared devices. Furthermore, infrared evaluation 
devices also require frequent maintenance of the apparatus 
to maintain adequate optical conditions for testing the milk 
product. These and other short comings of the infrared and 
optical systems render them very impractical for use in 
on-line analysis of butterfat and protein contents as Well as 
for use in an integrated in-line solution for milk product 
characteriZation. 

Thus, What is needed is a method and apparatus for 
measuring butterfat content in milk in a near real-time 
environment capable of processing a substantially larger 
number of samples of milk products. Furthermore, What is 
needed is a method and apparatus for evaluating the butterfat 
content and alternatively protein content in milk products in 
a timely and in-line manner Wherein the evaluation of the 
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2 
characteristics of the milk under test may be performed on 
a stream of milk rather than in a batch mode process. 

SUMMARY AND OBJECTS OF THE 
INVENTION 

It is an object of the present invention to provide a method 
for measuring butterfat content in milk using microWave 
absorption measurement techniques for evaluating the milk 
as it passes through a resonant cavity. 
Another object of the present invention is to provide a 

method for measuring the protein content in milk using 
microWave absorption measurement techniques as the milk 
sample passes through a resonant cavity. 

Additional objects and advantages of the present inven 
tion Will be set forth in the description Which folloWs, and 
in part Will be obvious from the description, or may be 
learned by the practice of the invention. The objects and 
advantages of the invention may be realiZed and obtained by 
means of the instruments and combinations particularly 
pointed out in the appended claims. To achieve the objects, 
and in accordance With the invention as embodied and 
broadly described herein, a method and system capable of 
measuring butterfat and alternatively protein content in milk 
using microWave absorption measurement techniques for 
evaluating the milk sample as it passes through a microWave 
resonant cavity is provided. 
The present invention is based on measuring the magni 

tude of the scattering parameters (S-parameters) Which are 
characteristic of a microWave transfer function. In particular, 
the present invention utiliZes an indication of the magnitude 
of the S11 re?ection parameter Which is an indication of the 
re?ected microWave energy as a function of the input 
microWave energy. 

In the present invention, a microWave resonant cavity is 
coupled to a microWave radiator for propagating microWave 
energy into the resonant cavity. The microWave cavity is 
further coupled to an analyZer capable of evaluating the 
amount of energy absorbed Within the cavity by evaluating 
the amount of energy re?ected from the cavity. A sample of 
milk undergoing a butterfat test, and optionally a protein 
test, traverses the resonant cavity and is located such that the 
E-?eld is maximiZed and is aligned along the axis of the 
sample tube presenting the milk sample to the resonant 
cavity. MicroWave energy is thereafter injected into the 
resonant cavity Wherein a portion of the energy is absorbed 
by the sample With another portion re?ected back for 
evaluation to an analyZer such as a netWork analyZer. The 
S11 spectra for a given butterfat content is unique and varies 
With the amount of butterfat inherent in the milk sample. 
Calculation of the precise butterfat content may be per 
formed using interpolation, such as linear or multi 
dimensional interpolation, or even though the use of a neural 
netWork technique to determine the sample butterfat values 
at concentrations other than the empirical calibrated values. 

In a yet additional embodiment of the present invention, 
the milk sample may be in the form of a continuous sample 
stream or How of milk, thereby facilitating the continuous 
monitoring of the butterfat content in a milk stream. By 
utiliZing a resonant cavity approach to evaluate a milk 
sample, a more simpli?ed and accurate approach to identify 
butterfat content is developed. 

In yet another embodiment of the present invention, the 
microWave resonant cavity is implemented as a differential 
cavity Wherein one branch of the cavity may contain a 
reference sample for calibrating the resonant cavity and a 
second branch may contain the unknoWn sample to be 
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tested. A shutter mechanism may be employed to alternate 
and route the microwave energy betWeen the tWo branches 
of the differential resonant cavity. Furthermore, the present 
invention may be yet embodied in a more integrated device 
Wherein a phase lock loop tracks the desired frequencies of 
the cavity for use in determining the butterfat and alterna 
tively the protein content. 

These and other objects and features of the present 
invention Will become more fully apparent from the folloW 
ing description and dependent claims, or may be learned by 
the practice of the invention as set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in Which the above-recited and 
other advantages and objects of the invention are obtained, 
a more particular description of the invention brie?y 
described above Will be rendered by reference to speci?c 
embodiments thereof Which are illustrated in the appended 
draWings. Understanding that these draWings depict only 
typical embodiments of the invention and are not therefore 
to be considered to be limiting of its scope, the invention Will 
be described and explained With additional speci?city and 
detail through the use of the accompanying draWings in 
Which: 

FIG. 1 is a simpli?ed block diagram of an apparatus for 
evaluating the butterfat and alternatively the protein content 
of milk through the use of a microWave resonant cavity, in 
accordance With the preferred embodiment of the present 
invention; 

FIG. 2A depicts a schematic of the resonant cavity used 
in evaluating the butterfat and protein content of a milk 
sample, in accordance With the preferred embodiment of the 
present invention; 

FIG. 2B depicts a schematic of the iris used in conjunction 
With the resonant cavity; 

FIG. 3 is a graph of the re?ected energy and the corre 
sponding butterfat content derived from empirical testing, in 
accordance With the preferred embodiment of the present 
invention; 

FIG. 4 is a simpli?ed schematic of a differential resonant 
cavity, in accordance With an alternate embodiment of the 
present invention; and 

FIG. 5 is a simpli?ed block diagram of an integrated 
apparatus for evaluating the butterfat and protein contents in 
a milk sample, in accordance With an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention embodies Within its scope both a 
method and apparatus for measuring the butterfat content, 
and alternatively the protein content, in milk using micro 
Wave absorption techniques. The purpose of the present 
invention is to provide a means and method for accurately 
and efficiently calculating the butterfat and protein contents 
in milk through the use of a device capable of evaluating 
large volumes of milk and requiring minimal maintenance to 
the measurement device While performing an evaluation of 
readily ascertainable parameters. The present invention 
employs a resonant cavity design capable of facilitating an 
evaluation of milk in a continuous ?oW arrangement passing 
therethrough. 

FIG. 1 is a simpli?ed block diagram of an apparatus for 
measuring butterfat content, and alternatively protein 
content, of a milk sample using microWave absorption 
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4 
measurement techniques, in accordance With a preferred 
embodiment of the present invention. In FIG. 1, a supply of 
milk is provided such that a sample may be draWn for 
evaluation of its inherent characteristic content. Asample of 
milk undergoing diagnosis may be provided in a discrete 
sample or through the use of a continuous ?oW sample 
undergoing periodic or intermittent evaluation. In FIG. 1, a 
sample for evaluation is provided in a sample tube or other 
conduit such as depicted by glass or ?oW tube 14. 
Alternatively, glass tube 14 may be connected With a con 
tinuous ?oW conduit 12 for receiving a continuous stream of 
samples as provided from a reservoir 10. Alternatively, 
reservoir 10 may yet be incorporated enabling retrieval of 
the milk samples directly from a source such as in the case 
of providing in-line monitoring at the point of milk collec 
tion. Such a monitoring technique provides a method for 
evaluating individual milk providers to determine the rela 
tive quality of each contributing entity. 
The present invention employs microWave resonant tech 

niques for evaluating the milk sample to determine its 
relative qualities. The preferred embodiment employs a 
microWave energy source to provide the required microWave 
signals to the milk sample undergoing evaluation. In FIG. 1, 
the microWave energy source is depicted as a netWork 
analyZer 16 capable of generating the aforementioned 
microWave signals. The microWave signals are routed via a 
coax cable 18 to a coupler 22 Which includes a radiator (not 
shoWn) for radiating the microWave’s energy upon the milk 
sample undergoing a testing process. In the present 
invention, favorable test results Were obtained by maintain 
ing the milk sample at a very uniform or consistent tem 
perature throughout the testing process. For the favorable 
results in the present invention, a constant temperature of 
about 165° F. to 169° F. Was maintained. 

In order to generate the appropriate necessary transfer 
function, a resonant cavity 20 couples or operably interfaces 
With coupler 22 via an iris 24 to provide the appropriate 
cavity in Which the microWave energy may resonate. Reso 
nant cavity 20 is implemented as a holloW conducting 
enclosure for containing the electromagnetic energy or 
microWave energy therein. In the preferred embodiment of 
the present invention, resonant cavity 20 is implemented as 
a rectangular resonant cavity having an aperture centrally 
located through Which sample tube 14 may pass. Those 
skilled in the art appreciate that other iris implementations 
are equally feasible. 

FIG. 2A is a schematic of a resonant cavity used for 
measuring the butterfat content in milk, in accordance With 
a preferred embodiment of the present invention. Resonant 
cavity 20 is comprised of a metallic channel 28 capable of 
having a short or an end plate 26 af?xed thereWith, also 
consisting of a metallic substance. The other end of metallic 
channel 28 is interfaced With an iris 24. As indicated in FIG. 
2B, iris 24 includes an aperture 30 through Which micro 
Wave energy may enter into resonant cavity 20. In the 
preferred embodiment, metallic channel 28 is of a length so 
as to accommodate the use of microWave frequencies occur 
ring in the X-band. While other bands may also be 
employed, the present embodiment utiliZes the X-band for 
obtaining favorable results. Those skilled in the art of 
microWave theory, appreciate that the dimensions for such a 
frequency band result in the length of metallic chamber 28 
being approximately 3 inches in length for covering the 8.2 
GHZ—12.4 GHZ frequency band. Other dimensions of the 
metallic chamber 28 include a Width of approximately 1 inch 
and a height of approximately 3/8 of an inch. While the 
preferred embodiment of the present invention employs a 
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rectangular aperture 30, other aperture geometries are also 
useful for de?ning the dimensions of resonant cavity 20 and 
providing an aperture through Which microwave energy may 
enter into resonant cavity 20 and be re?ected back therefrom 
for evaluation. 

Contemporaneous With the exposure of the milk sample to 
the microWave energy, an analyZing device such as a net 
Work analyZer 16 (FIG. 1) is used to ?nd the microWave 
absorption Which can be expressed in terms of S-parameters 
as 1_(S11)2_(S21)2 

FIG. 3 is a graph of the percent of butterfat in a milk 
sample as a function of the re?ected energy measured as SU 
in decibels. In the plot in the present ?gure, actual milk 
samples Were tested using testing techniques established in 
the industry to create empirical reference points for knoWn 
characteristic contents. The results of the correlated evalu 
ation are listed in Table 1. 

TABLE 1 

AVERAGE 
BUTTERFAT PROTEIN AVERAGE s11 FREQUENCY 
MEASURED MEASURED (dB) (GHZ) 

3.37 3.29 -10.483 7.8788 
3.28 4.81 -9.719 7.8801 
3.21 6.39 -8.902 7.8820 
0.91 3.33 -12.224 7.8732 
0.87 4.76 -11.120 7.8746 
0.80 6.18 -10.192 7.8765 

Using the least squares ?t of the butterfat and protein 
verses the S11 and frequency entries, the folloWing results 
illustrated in Table 2 Were obtained. 

TABLE 2 

BUTTERFAT BUTTERFAT PROTEIN PROTEIN 
MEASURED CURVE FIT MEASURED CURVE FIT 

3.37 3.37 3.29 3.30 
3.28 3.29 4.81 4.80 
3.21 3.21 6.39 6.39 
0.91 0.92 3.33 3.31 
0.87 0.86 4.76 4.83 
0.80 0.81 6.18 6.14 

Therefore, S11 and the frequency of the minimum 
re?ected energy can quite accurately predict both butterfat 
content and protein content. In the present evaluation, the 
protein undergoing evaluation is more speci?cally Whey 
protein. 

FIG. 4 depicts a microWave differential resonant cavity 
for measuring the butterfat content in milk using microWave 
absorption measurement techniques, in accordance With an 
alternate embodiment of the present invention. A resonant 
cavity 60 receives microWave energy from a source such as 
a netWork analyZer 16 via a coax cable 18 for excitation 
Within resonant cavity 60. Resonant cavity 60 is con?gured 
in a Y-con?guration comprised of a ?rst fork 62 Wherein the 
unknoWn sample such as the milk sample undergoing test is 
located as depicted as unknoWn sample 66. Additionally, 
resonant cavity 60 further comprises a second fork Wherein 
a reference sample 68 may be located containing a knoWn 
substance or liquid, such as Water. The use of a resonant 
cavity With a small volume of test material located inside 
one fork accommodates the evaluation of the unknoWn or 
test sample using differential techniques. To facilitate the 
individual measuring of the re?ection energy from each of 
the individual branches of the resonant cavity, resonant 
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6 
cavity 60 further comprises a shutter Which may be activated 
in the resonant cavity for re?ecting or routing the microWave 
energy betWeen a ?rst and second fork. Shutter 70 alter 
nately blocks one of the branches of the Y-con?guration and 
may be activated in a time multiplexed manner enabling 
time multiplexed measurements of the S11 response of each 
branch or fork. The resultant data may be easily processed 
such that the unknoWn sample, such as the milk sample 
under test, may be differenced or normaliZed relative to the 
reference sample. Such a technique facilitates the compen 
sation of undesirable sensitivity such as drifts in electronics, 
drifts or variations in temperatures of the unknoWn sample 
as Well as other test condition differences that may exist. 
Such a technique enables the isolation and measurement of 
only those sensitivities of the unknoWn sample relative to 
the reference sample. 

FIG. 5 is a simpli?ed block diagram of a schematic of a 
microWave circuit as implemented in an integrated 
environment, in accordance With a preferred embodiment of 
the present invention. The integrated apparatus of FIG. 6 
incorporates a resonant cavity 20 and sample tube 14 as 
described above. The present integrated version further 
incorporates a phase lock loop for generating the frequencies 
used in the resonant cavity. In the integrated version, rather 
than incorporating a test equipment type netWork analyZer, 
the present embodiment incorporates a simpli?ed phase lock 
loop design implemented using elements 40 through 54 to 
generate the microWave energy and perform that portion of 
the function previously performed by netWork analyZer 16 
(FIG. 1). That is to say, the phase locked loop implemen 
tation evaluates and ?nds the correct frequency to maximiZe 

S11. 
In order to evaluate the re?ected coefficient and thereby 

calculate the butterfat, and alternatively the protein contents, 
of the sample milk, a dual directional coupler 48 presents the 
re?ected portion of the microWave energy to a micropro 
cessor 56 for analog to digital conversion and evaluation of 
the SM and phase parameters. The frequency parameter is 
provided to microprocessor 56 from evaluation of the setting 
of high frequency voltage control oscillator 44 as utiliZed in 
the phase locked loop. Microprocessor 56 further performs 
the steps of converting the frequency, S11 and phase values 
to the corresponding butterfat and protein values. A display 
58 receives the calculated butterfat and alternatively protein 
calculations from microprocessor 56 for presentation to a 
user. 

While a method and apparatus for measuring butterfat and 
optionally protein content in milk using microWave absorp 
tion techniques as been presented, the present invention may 
be embodied in other speci?c forms Without departing from 
the spirit or essential characteristics. The described embodi 
ments are to be considered in all respects as only illustrative 
and not restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the fore 
going description. All changes Which come Within the mean 
ing and range of equivalency of the claims are to be 
embraced Within their scope. 
We claim: 
1. A method of measuring butterfat content in milk using 

microWave absorption measurement techniques, comprising 
the steps of: 

a) radiating a sample of said milk in a resonant cavity; 
b) measuring the amplitude of a scattering parameter of 

re?ected microWave radiation caused by said sample of 
said milk in said resonant cavity; and 

c) determining said butterfat content of said milk as a 
function of said scattering parameter. 
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2. The method of measuring butterfat content in milk, as 
recited in claim 1, Wherein said measuring step further 
comprises the step of measuring a frequency at Which the 
re?ected radiation is at a minimum. 

3. The method of measuring butterfat content in milk, as 
recited in claim 1, further comprising the step of positioning 
said sample of said milk aligned With the E-?eld in said 
resonant cavity. 

4. The method of measuring butterfat content in milk, as 
recited in claim 1, Wherein said radiating step comprises the 
steps of: 

a) positioning a sample of said milk aligned With and at 
the center of a rectangular resonant cavity; and 

b) radiating said sample of said milk in said rectangular 
resonant cavity. 

5. The method of measuring butterfat content in milk, as 
recited in claim 4, Wherein said positioning step further 
comprises the step of providing a continuous How of said 
sample of said milk through the center of said rectangular 
resonant cavity to accommodate measuring of said butterfat 
in a continuous stream of said samples of said milk. 

6. The method of measuring butterfat content in milk, as 
recited in claim 5, further comprising the step of maintaining 
said continuous stream of samples of said milk at a constant 
temperature prior to said radiating step. 

7. The method of measuring butterfat content in milk, as 
recited in claim 4, Wherein said rectangular resonant cavity 
comprises: 

a) a ?rst end having a short there across; and 
b) a second end having a radiator and an iris. 
8. The method of measuring butterfat content in milk, as 

recited in claim 1, Wherein: 
a) said radiating step comprises the steps of: 

i) positioning a sample of said milk aligned With and at 
the center of a ?rst fork of a rectangular resonant 
cavity having a Y-con?guration; 

ii) positioning a reference sample aligned With and at 
the center of a second fork of said rectangular 
resonant cavity having said Y-con?guration; 

iii) radiating said sample of said milk in said ?rst fork 
of said rectangular resonant cavity having said 
Y-con?guration; 

iv) radiating said reference sample in said second fork 
of said rectangular resonant cavity having said 
Y-con?guration; and 

b) said determining step further comprising the step of: 
i) normaliZing said scattering parameter of said sample 

of said milk as measured at said ?rst fork of said 
rectangular resonant cavity With a reference scatter 
ing parameter of said reference sample as measured 
at said second fork of said rectangular resonant 
cavity. 

9. The method of measuring butterfat content in milk, as 
recited in claim 8, further comprising the step of activating 
a shutter in said rectangular resonant cavity having a 
Y-con?guration to direct radiation betWeen said ?rst and 
second forks of said rectangular resonant cavity. 

10. The method of measuring butterfat content in milk, as 
recited in claim 8, Wherein said reference sample is Water. 

11. The method of measuring butterfat content in milk, as 
recited in claim 1, Wherein said radiating step comprises the 
step of radiating a sample of said milk in a resonant cavity 
using microWaves in the X-band. 

12. The method of measuring butterfat content in milk, as 
recited in claim 1, further comprising the steps of measuring 
a protein content of said milk, comprising the steps of: 

8 
a) radiating said sample of said milk in a resonant cavity; 
b) measuring the amplitude of a scattering parameter of 

re?ected microWave radiation caused by said sample of 
said milk in said resonant cavity; and 

c) determining said protein content of said milk as a 
function of said scattering parameter. 

13. An apparatus for measuring butterfat content in milk 
using microWave absorption measurement techniques, com 
prising: 

a) a resonant cavity capable of resonating microWaves; 
b) a microWave energy source operably coupled to said 

resonant cavity to radiate said microWaves at said milk; 
c) a sample of said milk Within said resonant cavity 

aligned With the E-?eld generated by said microWaves 
Within said resonant cavity; and 

d) an analyZer operably coupled to said resonant cavity to 
measure the amplitude of a scattering parameter of 
re?ected microWave radiation caused by said sample of 
said milk in said resonant cavity. 

14. The apparatus for measuring butterfat content in milk 
using microWave absorption measurement techniques as 
recited in claim 13, Wherein said microWave energy source 
and said analyZer are integrated into a netWork analyZer. 

15. The apparatus for measuring butterfat content in milk 
using microWave absorption measurement techniques as 
recited in claim 13, Wherein said resonance frequency of 
said resonant cavity is betWeen 6 GHZ and 21 GHZ. 

16. The apparatus for measuring butterfat content in milk 
using microWave absorption measurement techniques as 
recited in claim 13, Wherein said resonant cavity is a 
rectangular resonant cavity. 

17. The apparatus for measuring butterfat content in milk 
using microWave absorption measurement techniques as 
recited in claim 13, Wherein said sample of said milk is a 
continuous How of samples to accommodate measuring said 
butterfat in a continuous stream of said samples of said milk. 

18. The apparatus for measuring butterfat content in milk 
using microWave absorption measurement techniques as 
recited in claim 13, Wherein said resonant cavity is com 
prised of a rectangular resonant cavity having a 
Y-con?guration comprised of: 

a) a ?rst fork located at one branch of said Y-con?guration 
rectangular resonant cavity for receiving said sample of 
said milk; 

b) a second fork located at another branch of said 
Y-con?guration rectangular resonant cavity; 
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c) a reference sample aligned Within said second fork for 
use in differentially evaluating said sample of said milk 
from said reference sample; and 

d) a shutter operably coupled Within said Y-con?guration 
resonant cavity to alternatingly con?gure said resonant 
cavity to include said ?rst fork having said sample of 
said milk and said second fork having said reference 
sample. 

19. A resonant cavity to measure butterfat content in milk 
using microWave absorption measurement techniques, com 
prising: 

a) a metallic channel having ?rst and second ends thereby 
de?ning the dimensions of said resonant cavity; 

b) an end plate electrically and physically coupled to said 
?rst end of said metallic channel to enclose said ?rst 
end of said metallic channel in forming said resonant 
cavity; 

c) an iris electrically and physically coupled to said 
second end of said metallic channel to enclose said 
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second end of said metallic channel in forming said 
resonant cavity, said iris having an aperture located 
therein to facilitate the entry of microWave radiation 
into said resonant cavity; and 

d) a sample tube centrally located Within said resonant 
cavity for presenting said milk to said resonant cavity 
for subjection to said microWave absorption measure 
ment techniques. 

10 
20. The resonant cavity to measure butterfat content in 

milk using microWave absorption measurement techniques, 
as recited in claim 19, Wherein said sample tube is further 
coupled to a continuous How of said milk to accommodate 
measuring of said butterfat in a continuous stream of said 
samples of said milk. 


